INtRoDuctIoN
According to the world health report (WHO 2001) , approximately 450 million people suffer from a mental or behavioral disorder, yet only a small minority of them receive even the most basic treatment. This amounts to 12.3% of the global burden of the disease and is expected to rise to 15% by 2020. [1] Drugs acting in the central nervous system were among the first to be discovered by primitive human and are still the most widely used group of pharmacological agents. The CNS altering drugs are invaluable therapeutically, because they can produce specific physiological and psychological effects from the vast array of therapeutic agents mentioned in Materia Medica. From the indigenous system so many plants have been reported to have activity against CNS disorders and thus act as very useful remedies for the alleviation of human suffering. [2] In the search for new therapeutic products for the treatment of neurological disorders, medicinal plant research worldwide has progressed constantly, demonstrating the pharmacological effectiveness of different plant species in a variety of animal models. [1] Michelia champaca L. (Magnoliaceae) commonly known as Svarna champa, a tall handsome tree with yellow fragrant blossoms, is commonly used by many traditional healers in many of herbal preparations for kidney diseases and diabetes. [3, 4] The plant is also reported to have significant wound healing, [5] antimicrobial, [6] antidiabetic, [7] antitumor, [8] antiinflammatory, [9] antioxidant, [10] leishmanicidal [11] and antiinfective [12] properties. Traditionally it is used for its astringent, disinfectant, diuretic and cooling properties and in parasitic infections, dysuria and diseases due to vitiated blood. [4] It finds mention as one of the ingredients of the Sarvasugandhi group and is used in psychoneurosis by traditional healers. There is also mention of the different actions it has on CNS, however, these have not been validated scientifically. [4] Therefore, this report aims to validate these claims. After the assessment of the hexane extract of leaves by phytochemical tests, TLC and its standardization by HPTLC, an attempt was made to evaluate its learning and memory ABSTRACT: Introduction: Michelia champaca (Magnoliaceae), commonly known as Svarna champa is a glorious ancient Indian medicinal plant, rich in flavonoids and possessing several folkloric uses, traditionally claimed of having CNS effects. This study was undertaken to ascertain the nootropic potential (memory enhancing effects) of the hexane extracts of the leaves of Michelia champaca (Magnoliaceae) using rectangular maze and Y maze (interoceptive behavioral models). Methods: Hexane extracts of leaves of Michelia champaca (dosed at 100 and 200 mg/kg each) were administered to adult Swiss albino Wistar mice and the effect on acquisition, retention and retrieval of spatial recognition memory was determined, by using rectangular maze and Y maze (interoceptive behavioral models). Bacopa monniera extract was used as the standard drug while Scopolamine hydrobromide served as the amnestic agent. Results: The higher doses of the Michelia champaca extract exhibited a more promising nootropic potential. Maximal response was observed in the 200 mg/kg dose of extract, which closely approximated the results for the standard drug Brahmi. The higher dose elicited greater responses in both the models studied and were comparable to that achieved with the standard drug. Conclusion: The hexane extract of Michelia champaca afforded mild memory enhancing effects, the higher dose evoking pronounced alteration of behavior and better learning assessments.
KEYWORDS: Michelia champaca, memory enhancing, cognitive, HPTLC, Quercetin. chromatographic conditions described above. A Typical HPTLC chromatogram of quercetin (standard) and that obtained for the test sample (leave) is shown in Fig 1. Experimental Protocol 60 mice of either sex were trained on a rectangular maze (detailed description under the heading Assessment of learning and memory using Hebb's William Maze (Rectangular Maze) for assessment of learning and memory (Day1-Day5). Those with lower scores indicating better learning i.e. those which took lesser time to explore the maze were selected and randomly grouped. Eight groups of six mice each (housed according to sex, males together and females together) were used to evaluate their responses in the rectangular maze. The remaining mice were not taken for experimentation. The dosing commenced on day 6 for a period of 7 days and on the Day 13, amnesia was induced by administration of scopolamine (0.4 mg/kg i.p.) to Groups 2, 6, 7 and 8, and for Groups 3-5 trials were executed on the rectangular maze. The results for Groups 3-5 were duplicated on Day 14. The negative control group (group 2) received just one dose of scopolamine on Day 13. Forty five minutes after the administration of amnestic agent, trials were taken on rectangular maze and the retention was observed 24 hours after.
Groups Treatments
The same experimental protocol was followed on the same experimental animals after one month of rehabilization for assessment of learning and memory by Y-maze model.
Acute Toxicity Studies
The acute toxicity studies were performed in accordance with the OECD (Organization for Economic Co-operation and Development) guidelines no. 425 (Up and Down Procedure). [13] No death was observed till the end of the potential on the interoceptive behavioral models (scopolamine induced amnesia producing transient memory impairment), using rectangular maze and Y maze.
MAtERIALs AND MEtHoDs

Experimental Animals
Adult Swiss albino Wistar mice of either sex, weighing between 25-30 g were procured from our animal house, at BBDNITM and were housed under standard environmental conditions (25 ± 1 °C, 55 ± 5% humidity and 12 h/12 h light/dark cycle). The animals were allowed free access to tap water and standard laboratory rat food (obtained from Pranav Agro Foods, New Delhi). The care and handling of mice were in accordance with the internationally accepted standard guidelines for use of animals, and the protocol was approved by our 
HPTLC of Plant Extract
The hexane extract was subjected to phytochemical tests, which showed the presence of steroids, terpenoids, fats and flavonoids which were confirmed by TLC and HPTLC. Quantitative estimation of quercetin was attempted with the help of HPTLC system equipped with a sample applicator device Camag Linomat 5. Camag twin trough chamber, Camag TLC scanner and integration software (Wincats). Increasing serial dilutions of quercetin working standards (200-1000 µg mL -1 ) along with the test extract were scanned at 366 nm (Mobile phase: Toluene: Ethyl acetate-Acetic acid-Methanol 2.5:7:0.25:0.25) to ascertain the amount of quercetin present in the test extract. The estimated value was found to be 682.235 μg mL -1 amounting to 68.223 mg/g in the drug sample. The Rf 's of the standard and test sample were found to be 0.90, under the and multiplied by 100. Pretreatment with amnestic agent 30 min prior to trials induces a marked decrease in spontaneous alteration performance with a concomitant increase in the total number of arm entries. Administration of agents that possesses memory enhancing effects is expected to reverse the changes. During learning assessment the animals were exposed to food and water ad libitum only for 1 hour after the maze exposure for the day was completed to ensure motivation towards reward area (B).
[16]
Statistical Analysis
All results were expressed as mean ± standard error of mean (S.E.M.). Data was analyzed using Wilcoxon signed rank test and one-way ANOVA followed by Dunnett's' test. P < 0.05 was considered as statistically significant.
REsuLts
The up and down procedure for the acute toxicity studies indicated a reasonably good safety potential for both the parts employed in the study i.e. leaves and stem bark and on this basis 200 mg/kg was chosen as the maximum dose for further experimentation on mice in the present study.
Assessment of learning and memory using Hebb's William Maze (Rectangular Maze)
The learning scores (time in seconds) obtained by each group as presented in Table I , are suggestive of the fact that the mice took lesser time on Day 14 than Day 13. The learning scores obtained by Group 1 (positive control) were higher than those afforded by Groups 3-5, indicating better and efficient learning in these groups compared to the positive control group. The learning scores observed for the standard Bacopa monniera (Group3) are indicative of a greater nootropic potential than the test drug. However Michelia champaca hexane extract dosed at 200 mg/kg (Group 5) afforded a close comparison with the standard Brahmi. Group 2 (Negative control group) showed an increase in learning score due to the memory deficit induced by scopolamine. In Groups 6-8, there was a significant decrease in learning scores on Day 13 and Day 14, thus elaborating the drugs responses to overcome the learning deficits produced by scopolamine. The higher dose of Michelia champaca hexane extract, in presence of amnesia (Group 8) afforded better learning scores as compared to the lower dose (Group 7) and closely approximated the learning scores obtained for the standard drug Bacopa monniera (Group 6). The Hebb William maze (Medicraft Rectangular Maze Model No. 511 ER) The maze consists of completely enclosed rectangular box with an entry (A) and reward chamber (B) appended at opposite ends. The box is partitioned with wooden slats into blind passages leaving just twisting corridor (C) leading from the entry (A) to the reward chamber (B). [14] The learning assessment for control and treated mice was conducted at end of treatment. On the first day, all the mice were familiarized with the Hebb William maze for a period of ten minutes. From the 2 nd to 5 th day the mice received four consecutive trials of training per day in the maze. In each trial the mice were placed in the entry chamber and the timer was activated as soon as the mice leave the chamber. The time taken by the mice to reach the award chamber was taken as the learning score of the trial. The average of four trials was taken as the learning score for the day. Lower scores of assessment indicate efficient learning while higher scores indicate poor learning in animals. During learning assessment the animals were exposed to food and water ad libitum only for 1 hour after the maze exposure for the day was completed to ensure motivation towards reward area (B).
Assessment of learning and memory using Y Maze Apparatus
The Y-maze is a simple two-trial recognition test for measuring spatial recognition memory. It does not require learning of a rule, and thus is useful for studying memory in rodents, and in particular for the study of genetic influences on the response to novelty and recognition processes. The Y-maze, made of wood, consists of three arms with an angle of 120° between each of the two arms. The arm dimensions are 8 cm × 30 cm × 15 cm (width × length × height). The three identical arms were randomly designated: start arm, in which the mice started to explore (A), novel arm (B, with food stimuli), and the other arm (C). [15] Mice tend to explore the maze systematically, entering each arm in turn. The ability to alternate requires that the mice know, which arm they have already visited. On the first day, all the mice were allowed to explore the Y maze apparatus for a period of ten minutes each. From the 2 nd to 5 th day the mice received four consecutive trials of training per day in the maze of 5 min duration. In each trial, the mice were placed in the entry chamber (A) and the series of arm entries in all the three arms, including possible return into the same arm was recorded visually. Alteration is defined as the number of successive entries into the three arms on overlapping triplet sets. The percentage of alteration is calculated as the total number of arm entries minus two,
Effect on % alteration
Normally mice exhibit an alteration of around 60-70% (normal rodent behavior) as exhibited by the positive control group (Group 1). Groups 3-5 did not show much difference in alteration response in comparison to the positive control; Group 3 (Bacopa monniera extract) achieving a slightly higher alteration than the vehicle group (Group 1; positive control). The alteration showcased by Groups 1, 3-5 is indicative of the natural tendency of mice to exhibit an alteration of around 60-70% in a 5 min session, however the alteration achieved on the second trial (Day 14) was higher exhibiting higher % alteration (ability to alternate) on account of acquisition of memory. Group 2 exhibited a marked decrease in spontaneous alteration (a characteristic feature of amnestic agents), elaborating the amnestic effects of scopolamine. However in Groups 6-8 there was a significant increase in % alteration thus supporting their memory enhancing effects to reverse the effects of scopolamine. The greatest alteration was achieved by the standard Bacopa monniera extract; in presence of amnesia (Group 6) followed by the higher dose of Michelia champaca hexane extract in presence of amnesia (Group 8). It succeeded in closely approximating the alteration response of the standard Bacopa monniera. Assuming generalization % alteration on Day 14 was found to be greater than that observed on Day 13, thus elucidating the retention characteristics of the purported nootropics. A 3D stacked view of % alteration on the two different trials across all treatment groups (against control; and in induced amnesia condition) is demonstrated in Figure 3 . The purported order of activity as evident from % alteration in the memory deficit mice is as follows: Y maze model used in the present study proved to be a sensitive measure of spatial recognition memory. The effect on alteration behavior was studied on two parameters, % alteration (Table II a) and No. of arm entries (Table II b) . 
Effect on Number of arm entries
Normally mice tend to make 20-25 entries in a five minutes trial on the Y maze, as exhibited by the positive control group (Table IIb Group 1) . Treatment groups 3-5 afforded an increased number of arm entries compared to the positive control (Group 1), elucidating their effects on spatial recognition; the highest recognition being achieved by Bacopa monniera extract (Group 2) i.e. showcasing the minimum no. of arm entries, followed by the high dose and then the low dose of Michelia champaca hexane extracts. There is a significant increase in the number of arm entries in the presence of amnesia (characteristic of amnestic agents). This behavior was evident in Group 2 because of the amnesic effects of scopolamine, resulting in transient memory impairment. However, the presence of memory enhancing effects in a drug tends to reverse the effects brought about by an amnestic agent, as exhibited by Groups 6-8. There was a dramatic decrease in the number of arm entries, the maximum being showcased by Bacopa monniera extract in presence of amnesia (Group 6), which is a proven nootropic. The higher dose of the test drug afforded close proximity to the results observed for the standard Brahmi (Group 8).
Assuming generalization the number of arm entries on Day 14 was found to be lesser than that recorded on Day 13 in all groups thus serving as an index of their transfer latencies, acquisition and retrieval of spatial recognition memory. A stacked cone view of the number of arm entries made by all treatment groups on two different trial occasions (Day 13 and day 14) are demonstrated in Figure 4 .
The purported order of activity as evident from no. of arm entries is as follows:
In normal mice
Bacopa monniera extract (40 mg/kg) > Hexane extracts of Michelia champaca (200 mg/kg) > Hexane extracts of Michelia champaca (100 mg/kg) > Vehicle; Positive control (equivolume) may be the bioactive moiety responsible for the C.N.S. effect. The authors also perceive that since plant is exhibiting scientifically justified promising nootropic activity, renewed aggressive stress is to be given on its cultivation as it is one of the exotic reserved species.
DIscussIoN
The findings from the present study are suggestive of the fact that results obtained for the memory enhancing effects of Michelia champaca hexane extracts and also the standard nootropic agent i.e. Bacopa monniera draw similar results through two different interoceptive models having different parameters and methods of evaluation, thus providing enough scientific promise to validate the claims on their nootropic potentials. The learning scores in the rectangular maze and the percent alteration and arm entries criterion in the Y-maze models present similar results. Bacopa monniera the standard nootropic gave the most prominent results in both models, followed by Michelia champaca hexane extracts dosed at 200 mg/kg. The study reveals a dose dependant effect, the higher dose of the test drug being able to produce better results and even giving a closer comparison with the standard. Treatment groups 6-8 were efficient to overcome the learning deficits created by scopolamine induced amnesia; presenting efficient learning responses than the negative control (Group 2) and treatment groups 3-5 elaborated better responses of learning acquisition, retention and retrieval as compared to the positive control (Group 1) The cumulative order of activity based on both the models is as follows: Bacopa monniera extract (40 mg/kg) > Hexane extracts of Michelia champaca (200 mg/kg) > Hexane extracts of Michelia champaca (100 mg/kg). A literature review as well as the chromatographic studies (HPTLC) on present research work exhibits the presence of quercetin, which 
